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(54) High speed plating of flat planar 
Workpieces 

(57) Apparatus for electroplating 
generally flat planar workpieces for 
printed circuit boards employs a plural- 
ity of nozzle defining towers (36) 
arranged in at least two rows in a 
receptacle (12), the nozzles of which 
tower direct electrolytic solution eg. 
from a pressure manifold pipe (20) onto 
the workpieces as they pass between 
the rows of towers (36) at an electric 
potential different from that of plating 
metal at (22). 

Insoluble electrode means (40) may 
be provided in the receptacle, con- 
nected to an auxiliary source of electric- 
al power. 
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SPECIFICATION 

High speed plating of flat planar workpieces 

5 This invention relates generally to the plating of 
generally flat planar workpieces in a continuous 
plating apparatus. 

The present invention provides electroplating 
apparatus which may include. an overhead monorail 

1 0 suitable for transporting racks in which individual 
generally flat planar workpieces are suspended for 
transport along a path which may provide for several 
discrete processes in the production line of the 
circuit boards. The path may include a horizontal 

15 linear portion defined in a receptacle adapted to 
contain an electrolytic solution through which solu- 
tion the racks and workpieces move between 
opposed insoluble electrode grills. 
A pressure manifold can be provided at the 

20 bottom of the electroplating tank and upstanding 
nozzle defining towers may be adapted to spray 
electrolyte from immediately behind the above 
mentioned insoluble electrode grills to continuously 
impinge upon the surface of the circuit board as the 

25 boards pass downstream through the tank. Metal to 
be plated can be stored in receptacles behind the 
pressure manifold nozzle defining towers and the 
workpiece racks and anode baskets can be coupled 
to a primary source of electrical power such as a 

30 rectifier. The workpiece racks and both of the 

insoluble anode grills can be connected to a secon- 
dary or auxiliary power source so as to permit 
varying the outputs of both rectifiers independently 
of one another to achieve optimum current densities 

35 along the path of movement for these workpieces. 
An exhaust manifold can also be provided along the 
marginal side edges of the receptacle ortank 
containing the electrolyte, being located behind the 
anode baskets containing the metal to be plated, so 

40 as to return electrolyte to a pump external to the tank 
for redelivery to the pressure manifold and to the 
above described nozzle defining towers. Each elec- 
trode grill is preferably located between one and 
three inches from the surface of the circuit board 

45 workpiece itself, and the nozzles for spraying the 
electrolyte through the grill onto the workpiece are 
preferably located within one inch of the insoluble 
electrode grill and serve to spray electolyte through 
the open grill onto both sides of the workpiece as it 

50 passes through the electroplating tank. The work- 
pieces can be supported in individual racks, and 
each rack may be pendulously supported from a 
trolley which moves along the monorail in order to 
transport the circuit board from one station to 

55 another in the overall electroplating apparatus. Each 
rack is suitably lowered downwardly into the electro- 
plating tank and immersed in the electrolytic solu- 
tion whiie so pendulously supported, and parallel 
bus bars associated with the monorail portion 

60 immediately above the electroplating tank can mesh 
with shoes provided on the trolley so as to provide 
two distinct sources of electrical connection between 
the two rectifiers and the workpiece as the rack 
moves through the electroplating tank. 

65 Figure 1 is a plan view of the upstream end of an 



electroplating tank, the downstream portion, or half, 
being substantially identical and comprising a mirror 
image of the portion shown; 
Figure 2 is a schematic electrical diagram indicat- 

70 ing the electrical connections for the two rectifiers 
which are used to energize the insoluble electrode 
grills and the anode baskets containing the metal to 
be plated relative to the bus bars which energize the 
workpiece racks; 

75 Figure 3 is a vertical sectional view taken generally 
on the line 3-3 of Figure 1 to illustrate the various 
elements disposed within the electroplating tank of 
Figure 1; 

Figure 4 is a vertical sectional view taken generally 
80 on the line 4-4 of Figure 1; 

Figure 5 is a more detailed vertical sectional view 
of the pressure manifold illustrated in Figure 4 and 
also illustrates a portion of the rack and workpiece 
being plated; 
85 Figure 6 is a horizontal sectional view taken 
generally on the line 6-6 of Figure 5; 

Figure 7 is a sectional view taken generally on the 
line 7-7 of Figure 6; 
Figure 8 is a side elevational view of one insoluble 
90 anode grill being one of eight such units in the 
electroplating tank of Figure 1 ; 

Figure 9 is a vertical sectional view taken generally 
on the line 9-9 of Figure 3, but drawn to a larger 
scale; 

95 Figure 10 is a plan view of the trolley illustrated in 
Figure 9 with portions of the bus bars and monorail 
itself being broken away to reveal details of the 
trolley and its electrical shoes; 
Figure 7 Ms a side elevational view of the trolley 
100 illustrated in Figures 9 and 10; 

Figure 12 is a vertical sectional view taken general- 
ly on the line 1 2-1 2 of Figure 10; 

Figure 13 is a side elevational view of one rack 
suitable for handling a single workpiece comprising 
105 a plurality of printed circuit boards assembled in a 
single unitary workpiece board; and 
Figure 14 is an end view of the rack of Figure 13. 
The manufacture of printed circuit boards general- 
ly requires at least one and sometimes several 
110 plating steps. Such boards comprise a substrate or 
core of insulating material, such as an epoxy or other 
plastic. One or more thin copper sheets of copper 
clad are applied to at least the surfaces of the 
substrate and perforations or holes are punched at 
1 1 5 predetermined locations dictated by the desired 
circuit patterns. These holes servo to provide elec- 
trical connections to components added later, or to 
simply connect the copper layers of the board. 
For background purposes a brief discussion of 
120 circuit board manufacturing technique is appropri- 
ate. Predetermined circuit patterns of particular 
design may be created on a board of the type 
described above by following a series of steps or 
sub-processes which include; 
125 coating photoresist material on the exposed cop- 
per layer, usually afterthe copper has been suitably 
treated to remove any oxidation or the like, 

placing a mask over the photoresist layer to 
expose those areas of the copper layer destined for 
1 30 removal, and thereby shield the areas which will 
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ultimately define the particular circuit pattern, 
subjecting the unmasked portions to a light 
source, usually in the ultraviolet range to cause 
these areas to harden, 
5 developing the photoresist layer to fix the har- 
dened portions and to remove the areas not exposed 
to the light, 

electroplating copper on the thin copper layers of 
the board which have been cleared of photoresist 

10 due to the removal of the unexposed photoresist 
material during development, 

solder plating over these areas which have been 
copper plated to improve their capacity for being 
electrically connected to components added to the 

15 board later, 

stripping away the hardened and developed 
photoresist, 

etching away the copper beneath the stripped 
photoresist material to provide the desired circuit 

20 pattern on the board with the requisite thickness of 
copper in the areas designed for it, and with the 
solder layer plated on these areas. 

The apparatus to be described relates to the 
copper plating process or subprocess, and the 

25 individual boards may be provided on a larger board 
or workpiece as shown at W in Figure 1 3. Several 
circuit boards B, B which may or may not be 
indentical to one another are defined on a single 
workpiece W and these will generally be provided at 

30 the electroplating tank in the "green", that is covered 
with the developed photoresist and also suitably 
treated for electroplating as by rinsing and/or by an 
acid bath. The present invention relates specifically 
to the electroplating of copper in such a circuit board 

35 treatment system and one half of such a tank is 
indicated generally at 12 in Figures 1 and 3. In these 
plan and side elevational views, Figures 1 and 3 
respectively, only the upstream end of such a tank is 
shown, but the downstream end portion is substan- 

40 tially a mirror image of the upstream half portion 
shown. 

Referring to Figure 3, the overhead monorail 10 is 
adapted to transport workpieces as best shown at W 
in Figure 13, each of which workpiece is held in a 

45 generally rectangular open frame 14 suspended by 
means of a strut 1 4a from a trol ley 1 6 to be 
described. Each such workpiece rack 14 moves from 
an upstream acid spray station {not shown) to an 
inclined section of the monorail 10a which lowers 

50 the rack along a path indicated generally at 18 in 

Figure 3 so as to immerse the rack and the workpiece 
W in the electrolytic solution E for transport along a 
path defined in the tank 12 and more particularly 
defined along the longitudinal center line thereof. 

55 A pressure manifold pipe 20 is centered in the tank 
1 2 adjacent the tank floor as best shown in Figure 1 . 
Each rack 14 and more particularly the strut portion 
14a is pendulously supported in a trolley 16 in a 
manner to be described so that racks 14 and 

60 associated workpieces W move in their own plane 
longitudinally through the tank 12. The electroplat- 
ing apparatus includes at least two electrical power 
sources in the form of rectifiers labeled AUX and P in 
Figure 2. The primary rectifier P serves to couple the 

65 metal pellets to be plated with the workpiece itself. 



The pellets are provided in containers indicated 
generally at 22, 22 in Figures 1 and 3 and the 
workpieces themselves are connected to the two 
rectifiers through shoes associated with the trolley 
70 16, and longitudinally extending bus bars 24 to be 
described. These bus bars are represented by the 
longitudinally extending lines 24a and 24b in Figure 
2. The positive terminals for primary rectifier P are 
electrically connected to longitudinally extending 
75 bus bars 26, 26 which are also indicated schematical- 
ly in Figure 2 and which also comprise the physical 
supports for the anode baskets 22, 22 as best shown 
in Figures 1 and 4. 
More particularly, each such longitudinally ex- 
80 tending bus bar 26 is supported on a vertical column 
28 best shown in Figure 4, which column is in turn 
supported in the tank 1 2 by a foot 28a for the column 
28, and which column 28 has an upper portion which 
may be tied to the side the of tank as indicated 
85 generally at 30 in Figure 4. The anode pellet 

containers 22 are themselves constructed of an inert 
material capable of conducting electricity but do not 
interfere with the electrolytic action within the cell. 
These baskets are supported on the bus bars 26 by 
90 metal hooks best shown at 32 in Figure 4 and are 
directly connected to the bus bars 26 and therefor 
provide electrical connection between the rectifier P 
and the anode pellets in the basket 22. 

In accordance with the present invention insoluble 
95 electrode means are provided within the tank 1 2 and 
more particularly are located in closely spaced 
relationship to the path taken by the workpieces and 
their associated racks as they pass through the tank 
in the manner suggested previously. Each insoluble 

100 electrode means preferably comprises a series of 
interconnected grills, each grill having a plastisol 
coated rectangular frame such as indicated in detail 
in Figure 8 and each of which frames having a 
plurality of vertically extending longitudinally 

105 spaced rods, 40, 40. These rods are preferably 

coated with a lead material orthe equivalent in order 
to be conductive in the cell and to enhance the 
electrolytic action adjacent to the path of the work- 
pieces and more particularly to permit achieving 

110 high current density in the tank that is a result of the 
improved high speed electroplating apparatus dis- 
closed herein. 

Referring once again to Figure 2, the insoluble 
electrode grills are indicated generally by the longi- 

115 tudinally extending lines 34, 34 which are electrically 
connected to one terminal of the auxiliary rectifier 
through lines 34a and 34a. The other terminal for the 
auxiliary rectifier shown in Figure 2 is electrically 
connected to one of the bus bars 24a associated with 

120 the monorail trolley and the rack structure 14 for 
supporting the workpiece W. It is noted that the 
other bus bar 24b connects the rectifier P to the rack 
14 and the workpiece W as referred to previously. 
Thus, each bus bar 24a and 24b associated with the 

125 trolley 16 is adapted to be energized from one of the 
rectifiers AUX and P, each connection being inde- 
pendent of the other in the schematic of Figure 2. 
Although both negative terminals of these rectifiers 
may be at a common potential independent regula- 

130 tion of the voltage applied to their respective 
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elecytrolytic circuits within the ceil is achieved by the 
use of the two independently regulable rectifiers and 
the fact that their positive terminals may have 
different voltages. This permits a degree of control 
5 not heretofore available in electroplating tanks gen- 
erally and the presence of the insoluble electrode 
means adjacent to the path of movement for the 
workpieces permits very close regulation of the 
electrical field in the solution so as to optimize the 

10 current densities along the path of movement for the. 
continuously moving workpieces and to permit 
plating to a predetermined thickness in a minimum 
amount of time. 

In order to further enhance the electroplating 

15 characteristics of the apparatus, means is provided 
for agitating the solution in the area of the workpiece 
path, and preferably said means takes the form of 
spraying electrolytic solution directly upon the sur- 
faces of the workpiece as best shown in Figure 6. 

20 The longitudinally extending pressure manifold 
pipe 20 is there shown as having vertically extending 
nozzle defining towers 36, 36 each of which towers is 
directly connected to the pressure manifold 20 as 
best shown in Figure 5 by nipples 38, 38. Pump 

25 means (not shown) provides electrolytic solution 
under pressure at the inlet end 20a of pressure 
manifold pipe 20 at the rate of approximately twelve 
hundred gallons per minute. Seventy-two such 
nozzle defining pipes or towers 36, 36 are provided 

30 on the manifold 20 each of which pipes has fifty-four 
nozzle openings arranged as shown in Figure 6 so 
that a central row of openings sprays perpendicular- 
ly to the surface to be plated and companion nozzle 
openings are arranged at approximately 45 degrees 

35 to the perpendicular directional spray and at an 
inclined angle to the workpiece surface in such a 
manner that these angled nozzle openings of adja- 
cent towers 36, 36 impinge on the same area of the 
workpiece W to cause a turbulent reaction in this 

40 area such that the deposition of metal ions is 

enhanced thereby improving the overall efficiency of 
the electroplating process. Current densities of 1 50 
amperes per square foot are possible in this con- 
figuration, and it is noted that the electrolytic 

45 solution emanating from the nozzle openings as 
illustrated in Figure 6 passes between the vertically 
extending rods 40, 40 of the insoluble anode grill 
sections referred to previoulsy. 
The open rectangular frame for the insoluble 

50 anode rods 40, 40 is illustrated generally at 42 in 
Figure 6, and more particularly, the horizontally 
extending sides of the rectangular frame support the 
ends of the rods 40, 40 and are in turn supported by 
vertically extending frame legs 44, 44 best shown in 

55 Figure 7. Each vertically extending portion 44 of the 
rectangular frame for so supporting the electrode 
rods 40, 40 has welded thereto a plastisol coated 
bracket 46 having a notched lower end 46a such that 
a horizontally extending plastic member 48 can 

60 support the insoluble electrode frame in the location 
illustrated for these frames as best shown in Figures 
1 and 3. The member 48 may comprise any inert 
plastic such as polyvinyl chloride (PVC) which mate- 
rial can be conveniently welded to the PVC nipples 

65 38 as illustrated in Figure 6 for so supporting the 



relatively heavy frame 42, 44. 

The upper portion of the insoluble electrode frame 
is supported by horizontally extending bus bar 
runners 50, 50 best shown in Figure 1, which 
70 communicate at their inner ends with the upper 

portions of the vertical frame pieces indicated gener- 
ally at 44, 44 and which runners 50, 50 also connect 
with bus bars 52, 52 provided for this purpose at the 
upper marginal edges of the tank 12. The longitudin- 
75 ally extending bus bars 52, 52 are provided at the 
same electrical potential as the insoluble anode grills 
themselves as a result of being connected directly to 
the positive terminals of the auxiliary rectifier as best 
shown in Figure 2. 
80 Means is provided for delivering the electrolytic 
solution to the inlet end 20a of pressure manifold 20, 
and preferably said means not only includes the 
pumping means referred to previously, but also 
includes return manifold means in the form of 
85 longitudinally extending return conduits 54, 54 pro- 
vided adjacent the lower longitudinally extending 
corners of the rectangular tank 1 2. These conduits 
have output ends 54a communicating with the pump 
means (not shown) so as to provide a continuous 
90 source of electrolyte for the pressure manifold 20. 
Each return conduit 54 has upstanding pipes 56, 56 
communicating attheir lower ends with the return 
manifold conduit 54 and having suitable openings 
for receiving electrolytic solution in the area immedi- 
95 ately behind the anode containers 22 so as to 

prevent localized copper rich ion concentrations in 
the vicinity of the anode metal itself by removing 
such solution containing any highly localized copper 
rich ion concentrations for return of such solution to 
1 00 the pump and delivery to the manifold pressure 

means 20. Thus, copper ion rich solution is effective- 
ly sprayed through the nozzles described previously 
against the workpiece surface to be plated. 
It should be noted, however, that enough space is 
1 05 provided between these vertically extending exhaust 
tubes 56 and the horizontally extending bus bar 26 
so as to permit easy removal and replacement of the 
anode containing baskets 22, 22. Means is preferably 
provided for cooling the electrolytic solution in the 
110 tank 12 after extended periods of use of the appar- 
atus described, and preferably said means takes the 
form of a heat exchanger (not shown) located in the 
lower portion of the region between the exhaust 
tubes 56 and the anode baskets 22. These heat 
115 exchangers provide for the circulation of cool tap 
water through the heat exchanger in order to 
remove excess heat from the electrolytic solution 
itself. Furthermore, and in accordance with conven- 
tional practice, heaters may be provided at the 
1 20 upstream and downstream ends of the tank 1 2 in the 
area indicated generally at 58 in Figure 1 for 
electrically heating the solution in the tank 12 during 
initial start up operation so as to bring the tempera- 
ture of the electrolytic solution within a range of 70 
125 to 1 10 degrees Fahrenheit (which temperature range 
is the desirable operating region for copper sulfate 
baths generally). 

Turning next to a more detailed description of the 
trolley 1 6 for pendulously supporting the generally 
130 open rectangular frame 14 in which the workpiece W 



B.NSDOCID: <GB 



2101 159A I > 



BNS oaae 11 



4 GB 2 101 159 A 



4 



is mounted, Figure 9 shows the fixed monorail 
channel at 10 which channel is adapted to be 
supported from any overhead frame work (not 
shown) and which monorail is adapted to define the 
5 path taken by the workpieces and racks as they move 
from one processing station through and to another 
such station in a typical apparatus which includes 
the electroplating apparatus of the type described 
herein. Along the particular section of the monorail 
10 10 which defines the path taken by the workpieces as 
they move through the electroplating tank 12 there is 
preferably provided two longitudinally extending 
bus bars 24a and 24b, each of which bus bars is 
supported directly from the monorail 1 0 by brackets 
1 5 60, 60. Figure 1 shows one such bracket at 60 but it 
will be apparent that other brackets will necessarily 
be required to support the longitudinally extending 
bus bars 24a, 24b as there shown. Since these bus 
bars 24a and 24b are only required for the portion of 
20 the tank 1 2 where plating is desired, that is, on the 
linear run immediately above tank 12 as shown in 
Figure 3, a funnel 24c is preferably provided at the 
upstream end of each bus bar 24a and 24b to guide 
the shoes of trolly 16 into the channel shaped inner 
25 faces of these bus bars as shown in Figure 9. 

As best shown in Figure 12 the monorail 10 is of 
the roller chain type having a plurality of rollers 62, 
62 interconnected by links 64 (only one shown) such 
that the chain can be drive from any convenient 
30 location to move the rollers and the chain links in a 
continuous fashion for advancing the racks via the 
trolleys to be described. Depending links 66, 66 are 
supported at the upper ends on the axles of adjacent 
rollers 62, 62 as shown in Figure 12 and a cross link 
35 68 is pivotally connected to these depending links. 
The rack 14, and more particularly its strut portion 
14a, is pivotally supported in the cross link 68 by a 
single bolt 70 such that strut 14a of the rack will 
always assume a generally vertical orientation there- 
40 by maintaining the circuit board in a predetermined 
orientation and in a vertical plane for movement 
through the tank 12. This is achieved by the connec- 
tion between the trolley and two adjacent rollers of 
the roller chain provided for this purpose within the 
45 monorail 10. 

At the leading edge of the trolley 15 a U-shaped 
bracket 72 is mounted directly to the cross link 68 
and has its upstanding leg portions 72a and 72b 
provided with mounting blocks 74a and 74b, in 
50 which blocks a vertically oriented pin 76 is provided 
to pivotally support lever arms 78 as best shown in 
Figure 1 0. These leer arms 78 are spring biased so as 
to urge the arms outwardly away from the monorail 
such springs being indicated generally at 80, 80 in 
55 Figures 1 0 and 1 1 . Two such springs are provided for 
each lever arm 78 and serve to urge the electrical 
pickup shoes 82 provided at the outer ends of the 
arms 78 into engagement with the fixed bus bars 24a 
and 24b. Each such shoe further includes an internal 
60 spring 84 in order to enhance the engagement 
between the shoe and the recessed portion of the 
fixed bus bars mentioned previously. Electrical con- 
necting leads 86, 86 serve to provide an electrical 
connection between each of the shoes 82, 82 with 
65 the strut portion 14a of the rack 14 in order to 



continuously couple the rack and its associated 
workpiece W with both the rectifiers AUX and P as 
described above with reference to Figure 2. 

Each rack 14 comprises a generally open rectangu- 

70 lar frame as best shown in Figure 13 and a plurality 
of plastisol coated metal clips 15, 15 are mounted to 
the inside of the frame in order to resiliency support 
the printed circuit board W and to provide an 
electrical connection with the marginal edge of the 

75 board at a multitude of locations around its 

periphery in order to maintain the desired electrical 
potential of the workpiece W and to optimize the 
conditions in the electrolytic cell defined by the 
solution filled tank. At the lower leading edge of the 

80 frame 14 a small roller 90 is provided on the lower 
end of a plastic strut 92, which strut is attached to the 
frame by plastic bolts as indicated generally at 94. 
This roller 90 serves to assure that the rack 14 
assumes a proper position as it is lowered into the 

85 tankin that the roller 90 will engage the upper 
surface of the pressure manifold 20 if the rack is 
tilted slightly due to entry into the solution E and due 
to the forward momentum of the rack and workpiece 
W being interrupted briefly by engagement with the 

90 liquid E as it enters the tank 12. Once roller 90 

engages the upper surface of pressure manifold 20 
the rack 14 must assume a horizontal position for 
passage through the portion of the path defined 
within the tank, and between the insoluble anodes 

95 and the pressure manifold towers described pre- 
viously. 

As best shown in Figure 5 the rack 14 may include 
a plastic guide of generally U-shape, as indicated 
generally at 96, particularly along the lowermost rail 

1 00 1 4b of the frame 1 4 in order that the frame will be 
guided between the lower portions of the insoluble 
anode grill defined by the plastisol coated frames 42, 
42. It is a feature of the present invention that these 
insoluble anodes, and more particularly there lower 

105 portions thereof, define a suitable guide forthe rack 
as it moves through the path defined for it in the 
electroplating tank itself. This U-shaped plastic guide 
portion is also illustrated in Figure 14, and it will be 
apparent that the follower roller 90 and the plastic 

1 1 0 guide 96 serve to accurately position the frame 14 
between the anode rods 40, 40 as suggested in 
Figure 5. As mentioned previously, this arrangement 
assures that the solution issuing from the inclined 
nozzles in the towers 36 on both sides of the 

1 1 5 workpiece W achieve the solution flow suggested in 
Figure 6. The solution sprayed from the nozzle 
openings of towers 36, 36 preferably has a velocity 
of approximately 2000 feet per minute and a press- 
ure of approximately 3-5 pounds per square inch. 

1 20 Each nozzle opening is approximately .06 inches in 
diameter. 

These nozzle defining towers are arranged in 
staggered relationship on either side of the work- 
piece W, and this relationship gives improved plat- 

1 25 ing results in through holes of the workpiece due to 
the perpendicular solution sprays from all nozzles 
impinging upon the lines of action of the inclined 
solution sprays from the nozzles opposite to the 
perpendicular spray. 

1 30 The workpieces may be printed circuit boards 
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which can thus be transported in their own plane 
downwardly beneath the surface of the electrolyte to 
be plated at relatively high current densities and at 
relatively high speed. 
5 The rack can be moved along a path between 
opposed insoluble electrode grills so that the anode 
metal to be plated can be provided at one voltage 
relative to the workpiece to be plated and so that the 
insoluble electrode grills can be held at a different 
10 electric potential to enhance the plating characteris- 
tics of the electrolytic cell. 

The electrolyte is continuously circulated through 
a pressure manifold, to be sprayed through sub- 
merged nozzles at relatively high pressure and flow 
15 rates against the surface of the circuit board to be 
plated in order to achieve a desired degree of 
agitation of the electrolyte, as the workpiece-circuit 
board moves continuously from one end of the 
electroplating tank to the other. 
20 The apparatus permit copper to be plated in holes 
in printed circuit boards to a thickness at least 
approximately equal to that of the copper plated on 
the predetermined surface portions of the circuit 
board's exposed copper layers. 

25 

CLAIMS 

1. Apparatus for electroplating generally flat pla- 
nar workpieces which may have small openings 
30 onto one or both workpiece surfaces, said apparatus 
comprising: 

a) racks supporting each workpiece in a general- 
ly vertical plane, 

b) transport means for moving each rack along a 
35 path, a portion of which path is in the plane of the 

workpiece so supported in its rack, 

c) means defining a receptacle adapted to con- 
tain an electrolytic solution through which solution 
said racks move along said portion of said path, 

40 d) pressure manifold means at the bottom of 
said receptacle, 

e) means for providing electrolyte to said man- 
ifold means under pressure, 

f) a plurality of nozzle defining towers arranged 
45 in at least two longitudinally extending rows, said 

towers projecting upwardly from said manifold 
means and nozzles being directed toward the por- 
tion of said path of said workpieces in said recepta- 
cle to spray solution on both workpiece surfaces as 
50 they move between said towers, 

g) a source of electrical power, 

h) means for connecting said racks to one ter- 
minal of said electrical power source, 

i) means for supporting metal to be plated in said 
55 receptacle, said metal support means connected to 

the other terminal of said electrical power source, 
and 

j) said means for providing electrolyte to said 
pressure manifold means including pumping means 
60 and return manifold means in said receptacle for 
recirculating the solution and to provide the desired 
pressure and flow rate of the solution at said nozzles 
in said towers. 

2. Apparatus according to claim 1 wherein said 
65 means for supporting the metal to be plated com- 



prises two longitudinally extending rows of contain- 
ers adapted to contain the metal to be plated in pellet 
form, and said container rows oriented behind said 
rows of towers respectively so that metal ions 
70 produced at said containers migrate between said 
towers to reach the workpieces in said racks. 

3. Apparatus according to claim 1 wherein said 
rack transport means comprises a monorail, and 
trolleys for supporting each rack from said monorail, 

75 said monorail defining said path portion between 
said nozzle towers by pendulously supporting said 
racks from said trolleys. 

4. Apparatus according to claim 1 wherein each 
rack comprises a frame oriented in the same plane 

80 as that of the workpiece and having means for 
supporting the planar workpiece by engaging the 
marginal edges of the work piece. 

5. Apparatus according to claim 3 wherein each 
trolley includes at least one electrical pick-up shoe 

85 projecting laterally outwardly from said pendulous 
support for the rack, and said means for connecting 
said racks to one terminal of said electrical power 
source comprising at least one bus bar supported 
from said monorail portion, said one electrical 

90 pick-up shoe being engageable with said one bus 
bar during movement of said trolley along said 
monorail portion. 

6. Apparatus according to claim 3 wherein said 
monorail has downwardly and upwardly inclined 

95 portions at the upstream and downstream ends 
respectively of a straight path portion for moving 
said racks between said towers, said inclined por- 
tions serving to move said racks downwardly into 
said receptacle and upwardly out of said receptacle 
100 while pendulously supported from said trolleys. 

7. Apparatus according to claim 6 wherein said 
pressure manifold means comprises a conduit on 
the longitudinal center line of said receptacle, said 
towers comprising upwardly upstanding pipes the 

105 lower ends of which pipes communicate directly 
with said conduit to define a space between said 
pipes for receiving said racks, and rack guiding rails 
mounted to said pipes for receiving at least the lower 
edge of said rack therebetween to guide the rack 

110 during movement along said portion of said path 
between said nozzle defining towers or pipes. 

8. Apparatus according to claim 7 wherein said 
racks each have a guide roller provided on the 
leading edge of its said lower portion for engage- 

115 ment with the upper surface of said pressure 

manifold conduit to inhibit lateral swinging motion 
of the rack during said movement between said 
nozzle defining towers or pipes. 

9. Apparatus according to claim 7 wherein said 
1 20 nozzles are defined by side openings in said pipes, 

said openings being arranged in a vertically spaced 
linear pattern in each pipe. 

1 0. Apparatus according to claim 9 wherein said 
nozzle openings in each pipe are arranged in a 

125 plurality of vertically spaced patterns, one line of 
openings being oriented to direct the electrolytic 
solution perpendicularly to the workpiece surface in 
said vertical plane and other lines of openings being 
oriented to direct the solution at acute angles to said 

130 workpiece surface. 
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1 1 . Apparatus according to claim 7 wherein said 
nozzle defining pipes are spaced horizontally in said 
rows, and wherein the pipes on one side of said path 
are placed generally between those on the opposite 

5 side of said path for said racks moving therebe- 
tween. 

12. Apparatus according to claim 1 1 wherein 
said nozzles are defined by side openings in said 
pipes, said openings being arranged in a vertically 

10 spaced linear pattern in each pipe. 

13. Apparatus according to claim 1 2 wherein 
said nozzle openings in each pipe are arranged in a 
plurality of vertically spaced patterns, one line of 
openings being oriented to direct the electrolytic 

15 solution perpendicularly to the workpiece surface in 
said vertical plane and other lines of openings being 
oriented to direct the solution at acute angles to said 
workpiece surface. 

14. Apparatus according to claim 12 wherein 
20 said racks each have a guide roller provided on the 

leading edge of its said lower portion for engage- 
ment with the upper surface of said pressure 
manifold conduit to inhibit pendulous motion of the 
rack during said movement between said nozzle 
25 defining towers or pipes. 

15. Apparatus according to claim 7 further char- 
acterized by means for electrically connecting said 
guiding rails to a source of electrical power to 
enhance the electrolytic cell action in the solution. 

30 16. In an electroplating apparatus having trans- 
port means for moving workpieces to be plated 
along a path, a portion of which path is through an 
electrolytic solution the improvement comprising : 
a) a primary source of electrical power, 

35 b) means connecting said work piece to one 
terminal of said primary electrical power source, 

c) means for supporting metal to be plated so 
that the metal is immersed in the solution, 

d) means connecting said metal to be plated to 
40 the other terminal of said primary electrical power 

source, 

e) an auxiliary source of electrical power, 

f) means connecting said workpieces to one 
terminal of said auxiliary power source, 

45 g) insoluble electrode means provided on both 
sides of the portion of said path in the solution, and 

h) means connecting said insoluble electrode 
means to the other terminal of said auxiliary source 
of electrical power. 

50 17. The combination defined in claim 16 wherein 
the workpieces to be plated are of generally planar 
configuration and are adapted to move in their own 
plane through the electrolytic solution, and wherein 
said insoluble electrode means comprises a plurality 

55 of generally rectangular grilles arranged in end-to- 
end relationship in two parallel rows on both sides of 
said portion of said path. 

18. The combination defined in claim 16 wherein 
said insoluble electrode means are maintained at an 

60 electric potential relative to said workpieces in 
solution which is notthe same as the electric 
potential of said metal to be plated relative to said 
workpieces in solution. 

19. The combination defined by claim 17 where- 
65 in said insoluble electrode means are maintained at 



an electric potential relative to said workpieces in 
solution which is not the same as the electric 
potential of said metal to be plated relative to said 
workpieces in solution. 

70 20. The combination defined by claim 19 where- 
in each generally rectangular grille comprises a 
generally rectangular open frame of conductive 
metal coated with an insoluble plastic covering and 
parallel rodsrnounted at their opposite ends to said 

75 frame, said rods also made from a conductive metal, 
and said rods being coated with an inert metal 
coating which does not react with the electrolytic 
solution. 

21 . The combination defined by claim 20 where- 
80 in said insoluble electrode rods are located adjacent 

the path of said planar workpieces at a distance 
therefrom in the range between 1-3 inches. 

22. Apparatus for electroplating generally flat 
planar workpieces which may have small openings 

85 onto one or both workpiece surfaces, said apparatus 
comprising: 

a) racks supporting each workpiece in a general- 
ly vertical plane, 

b) transport means for moving each rack along a 
90 path, a portion of which path is the plane of the 

workpiece so supported in its rack, 

c) means defining a receptacle adapted to con- 
tain an electrolytic solution through which solution 
said racks move along said portion of said path, 

95 d) pressure manifold means at the bottom of 
said receptacle, 

e) means for providing electrolyte to said man- 
ifold means under pressure, 

f) a plurality of nozzle defining towers arranged 
100 in at least two longitudinally extending rows, said 

towers projecting upwardly from said manifold 
means and said nozzles directed toward the portion 
of said path of said workpieces in said receptacle, 

g) a primary electrical power supply, 

105 h) means for connecting said racks to one ter- 
minal of said primary electrical power supply, 

i) means for supporting metal to be plated in said 
receptacle, said means being connected to the other 
terminal of said primary power supply to create an 
1 1 0 electrolytic cell in said solution, 

j) insoluble electrode means adjacent the portion 
of said path between said nozzle defining towers, 

k) an auxiliary power supply having its terminals 
connected to said insoluble electrode means and to 
115 said racks respectively to enhance said electrolytic 
cell action. 

23. Apparatus according to claim 22 wherein 
said insoluble electrode means comprises parallel 
grills provided on both sides of said path between 

120 said nozzle defining towers. 

24. Apparatus according to claim 22 wherein 
said rack transport means comprises a monorail, 
and trolleys for supporting each rack from said 
monorail, said monorail defining said path portion 

1 25 between said nozzle towers by pendulously support- 
ing said racks from said trolleys. 

25. Apparatus according to claim 22 wherein 
each rack comprises a frame oriented in the same 
plane as that of the workpiece and having means for 

130 supporting the planar workpiece by engaging the 
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marginal edges of the workpiece. 

26. Apparatus according to claim 22 wherein 
said means for providing electrolyte to said pressure 
manifold means comprises pumping means, and 

5 return manifold means in said receptacle for recircu- 
lating the electrolytic solution and to provide the 
desired pressure and flow rate of the solution at said 
nozzles in said towers. 

27. Apparatus according to claim 23 wherein 

10 transport means comprises a monorail, and trolleys 
for supporting each rack from said monorail, said 
monorail defining said path portion between said 
nozzle towers by pendulously supporting said racks 
from said trolleys. 

15 28. Apparatus according to claim 23 wherein 
each rack comprises a frame oriented in the same 
plane as that of the workpiece and having means for 
supporting the planar workpiece by engaging the 
marginal edges of the workpiece. 

20 29. Apparatus according to claim 23 wherein 
said means for providing electrolyte to said pressure 
manifold means comprises pumping means, and 
return manifold means in said receptacle for recircu- 
lating the electrolytic solution and to provide the 

25 desired pressure and flow rate of the solution at said 
nozzles in said towers. 

30. Apparatus according to claim 24 wherein 
each trolley includes at least one electrical pick-up 
shoe projecting laterally outwardly from said pendu- 

30 lous support for the rack, and said means for 

connecting said racks to one terminal of said primary 
power supply comprising at least one bus bar 
supported from said monorail portion, said one 
electrical pick-up shoe being engageable with said 

35 one bus bar during movement of said trolley along 
said monorail portion. 

31 . Apparatus according to claim 30 wherein 
each trolley includes a second electrical pick-up shoe 
projecting generally oppositely from said one pick- 

40 up shoe in said trolley, said means for connecting 
said racks to said auxiliary power supply including a 
second bus bar also supported from said monorail 
portion, said second bus bar being on the opposite 
side of said monorail from that of said first bus bar, 

45 and said second pick-up shoe being engageable with 
said second bus bar during movement of said trolley 
along said monorail portion. 

32. Apparatus for electroplating generally flat 
planar workpieces transported through a receptacle 

50 containing electrolytic solution by connecting plat- 
ing metal in the receptacle to one terminal of an 
electrical power source and the workpieces to the 
other terminal, in which a plurality of nozzle defining 
towers are arranged in at least two rows on either 

55 side of the workpiece path, the nozzles being 

arranged so as to direct electrolytic solution on both 
workpiece surfaces as they pass the towers. 

33. Apparatus according to claim 32 in which two 
rows of containers for the plating metal are provided 

60 beh ind the rows of towers so that the metal ions 
produced at the containers migrate between the 
towers to reach the workpieces. 

34. Apparatus according to claim 32 or claim 33 
in which racks for mounting the workpieces hang 

65 down from a conveyor to pass between the rows of 



towers. 

35. Apparatus according to claim 34 in which the 
towers are formed by pipes standing up from and 
communicating directly with a conduit for electroly- 

70 tic solution and rack guiding rails are provided for 
guiding at least the lower edge of the racks as they 
pass the towers. 

36. Apparatus according to claim 34 in which the 
guide racks haying a guide roller for passing over the 

75 conduit to inhibit lateral swinging motion of the rack. 

37. Apparatus according to claim 35 or claim 36 
in which the nozzles are defined by side openings in 
the pipes, the nozzles being spaced vertically. 

38. Apparatus according to claim 37 in which at 
80 each vertical level a plurality of nozzles are provided 

to direct electronic solution perpendicularly onto 
the workpieces and at an acute angle to the work- 
pieces. 

39. Apparatus according to any of the preceding 
85 claims in which the towers in the respective sets are 

mutually offset in the direction of movement of the 
workpieces. 

40. Apparatus for electroplating workpieces 
transported through a receptacle containing electro- 

90 lytic solution by connecting plating metal in the 
receptacle to one terminal of an electric power 
source and the workpieces to another terminal in 
which insoluble electrode means are provided on 
both sides of the workpieces path, an auxilliary 

95 source of electrical power being provided one 

terminal of which is arranged to be connected to the 
workpiece and the other terminal of which is con- 
nected to insoluble electrode means. 

41 . Apparatus according to claim 1 in which the 
1 00 insoluble electrode means are arranged in the form 

of grills in rows end to end on both sides of the 
workpiece path. 

42. Apparatus for electroplating workpieces sub- 
stantially as described with reference to and as 

105 shown in the figures. 

Printed for Her Majesty's Stationery Office, by Croydon Printing Company 
Limited, Croydon, Surrey, 1983. 

Published by The Patent Office, 25 Southampton Buildings. London, 
WC2A 1AY, from which copies may be obtained. 



BNSDOCID: <GB 2101159A l> 



BNS Daae 1 



